Pure cultures of Bacillus cereus, Pseudomonasfluorescens, and Achromobacter sp. were shown to transform five pyrethroid insecticides in the presence of Tween 80. One of the major products, 3-phenoxybenzoic acid, was further transformed to 4-hydroxy-3-phenoxybenzoic acid. Permethrin was the most rapidly transformed of the pyrethroids, with a half-life of less than 5 days.
First used a decade ago, the photostable pyrethroids represent over 25% of the world's foliar insecticide market (5) . They exhibit high insecticidal activity combined with low mammalian toxicity (3) ; consequently, they are replacing some of the more toxic and environmentally persistent organochlorine compounds (5) . The importance of microbially mediated pyrethroid breakdown in soil has been demonstrated (2, 11) . However, previous studies (4, 6, 7 ) have failed to demonstrate the transformation of pyrethroids by axenic cultures. The purpose of this investigation was to isolate pyrethroid-degrading microorganisms and determine the rates and pathways of microbial transformation of the commonly used pyrethroids: permethrin, deltamethrin, Fastac 250-ml Erlenmeyer flasks were routinely set up in the mineral salts medium (100 ml; pH 7.0) of van den Tweel et al. (10) modified by the addition of 10 ml of trace element solution (1, 9) and 10 ml of vitamin supplements (1) eter at an electron impact ionization of 70 eV. The gas chromatography conditions were as follows: carrier gas, helium at 1 ml/min; injector/interface temperature, 250°C; splitless injection in hexane; oven temperature, 50°C (1 min) followed by 50 to 70°C (4°C/min) and 70 to 220°C (20QC/min) for a total of 10 min.
In initial aerobic enrichments with permethrin (50 mg/ liter), transformation products were first detected after 14 days of incubation (half-life, 21 to 28 days). In these enrichments, the trans isomer of permethrin was preferentially degraded (Table 1) . After three subcultures, aerobic enrichments with permethrin and Tween 80 (0.05% [vol/vol]) showed increased rates of permethrin transformation (halflife, 5 to 10 days). The transformation products 3-phenoxybenzoic acid, 4-hydroxy-3-phenoxybenzoic acid, and trans-DCVA were first detected after 2, 3, and 5 days, respectively. These microbial enrichments were also able to transform fenvalerate, fluvalinate, and Fastac (half-life, 7 to 14 days) and deltamethrin (half-life, 21 to 28 days) at concentrations of 50 mg/liter in the presence of Tween 80 (0.05% [vol/vol] ). Thus, in these microbial cultures permethrin was the most rapidly transformed of the pyrethroids, and deltamethrin was the most persistent. These results are in agreement with results of soil degradation studies with these insecticides (2). Aerobic enrichments with 3-phenoxybenzyl alcohol (20 mg/liter) were also set up. 3-Phenoxybenzyl alcohol was completely oxidized to the corresponding 3-phenoxybenzoic acid within 2 days of incubation, even in the absence of Tween 80 (0.05% [vol/vol]). All compounds tested remained stable in sterile control systems for the duration of the experiment (28 days).
Pseudomonas fluorescens (SM-1), an Achromobacter sp. (SM-2), and B. cereus (SM-3) were isolated as major component members of the permethrin enrichments. When incubated as pure cultures in the mineral salts medium with permethrin (20 mg/liter) and Tween 80 (0.05% [vol/vol]), these isolates were able to transform permethrin (Table 1) , forming 3-phenoxybenzoic acid and trans-DCVA (Fig. 1) . In the case of B. cereus, the half-life of permethrin was reduced from 21 days to <5 days after six subcultures. The trans isomer of permethrin was preferentially transformed by these microbial isolates (Table 1) . This result reflects findings in other systems, such as mammals (5) , insects (5), and soils (4, 11) (Fig. 1) . It is believed that this is the first instance in which 4-hydroxy-3-phenoxybenzoic acid has been detected and identified in microbial cultures, whereas it has been commonly associated with other biological systems (5, 8 
